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(57) Abstract: A composite copper foil (10) comprises a carrier foil (12) formed by electrodeposition onto a cathode, the carrier 
foil (12) having a cathode side formed in contact with the cathode and an opposite electrolyte side. A very thin release layer (14) is 
on the electrolyte side of said carrier foil (12). A thin functional foil (16) formed by deposition of copper has a front side in contact 
with the release layer (14) and an opposite back side. The electrolyte side of the carrier foil (12) has a surface roughness Rz less than 
or equal to 3.S \tm. There is also presented a method for manufacturing such a composite copper foil 
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Composite Copper Foil and manufacturing method thereof 

Field of the invention 

The present invention relates to a composite copper foil and to a manu- 
facturing method thereof. The composite copper foil may be used namely in the 
manufacture of printed circuit boards. 

Background of the invention 

Such a composite copper foil is disclosed in US Pat. 3,998,601. It com- 
5 prises a thin copper foil-hereinafter called thin functional foil-mounted on a 
carrier foil, wherein the carrier foil is provided with an intermediate, very thin 
release layer which permits clean and easy separation of the thin functional foil. 
The carrier foil, when produced by conventional electrolytic techniques, will 
have a smooth cathode side (also known as shiny side) fomried in contact with a 

10 rotating titanium cathode drum and an opposite, rough electrolyte side (also 
known as matte side). The surface of the thin functional foil conforms to that of 
the carrier foil, since the release layer is very thin. US Pat. 3,998,601 further 
suggests that the thin functional foil should be deposited on the electrolyte side 
of the carrier foil to obtain a surface having a satin finish, or on its cathode side 

1 5 to obtain a surface having a mirror-like finish. 

For the manufacture of printed circuit boards (PCB), a low surface rough- 
ness, i.e. a mirror-like surface finish, is preferred. Therefore, the thin functional 
foil is in practice always electrodeposited on the cathode side after deposition of 
the release layer. Typically the surface roughness is given by the Rz parameter, 
20 which is for the cathode side: 1.5 ^m < Rz < 3.5 ^m. Since the thin functional 
foil surface conforms to that of the cathode side, its surface roughness is 
substantially equivalent to that of the cathode side. 

Such a composite copper foil has proved very advantageous for the 
manufacture of RGB's. Indeed, during lamination of the composite copper foil on 
25 a resinous insulating substrate the thin functional foil is effectively protected by 
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the carrier foil against resin bleed-trough and surface damages. Hence, after 
release of the carrier foil there is provided a copper clad laminate having a very 
smooth surface. 

With regard to actual and future miniaturizatiqn requirements, it is desir- 
5 able to increase the number of conducting elements per surface unit and to 
reduce the size of the conducting elements and the space between them 
(pitch). Such circuit patterns may only be obtained by applying very high density 
circuit pattern photo-definition and chemical etching processes to ultra-smooth 
and defect free surfaces. It will be appreciated that known composite copper 

10 foils do not provide a functional foil surface which is sufficiently free of defects 
for these increased miniaturization requirements. Indeed, cathode drums 
generally exhibit surface flaws which are responsible for the presence of striae 
on the cathode side of the carrier foil and consequently also on the surface of 
the thin functional foil fomied thereon. Until now these striae have not been 

15 considered as problematic for the manufacture of circuit patterns, but this is no 
longer true when facing future miniaturization specifications. 

One way to improve the surface quality of functional foil could be to form 
the cathode side of the carrier foil on a cathode drum having an ultra-smooth 
surface roughness, in particular free of surface flaws. But the actual technique 
20 does not allow the manufacture of ultra-smooth cathode drums at reasonable 
costs. Furthermore, such an ultra-smooth cathode drum would be easily 
damaged, and the maintenance of such an ultra-smooth cathode drum would 
be very expensive. 

Object of the invention 

The object of the present invention is to provide a composite copper foil 
25 having a thin functional foil with an ultra-smooth, high quality surface at reason- 
able costs. According to the present invention, this object is achieved by a 
composite copper foil according to claim 1 . 
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Summary of the invention 

Contrary to the conventional technique for obtaining a functional foil with a 
smooth surface, the front side of the functional foil of the present invention is 
formed on an ultra-smooth electrolyte side and not on a shiny cathode side of 
an electrodeposited carrier foil. 

5 As the thin functional foil is deposited over the release layer on the elec- 

trolyte side of the carrier foil, its front side confomis to the surface of the 
electrolyte side of the carrier foil and therefore has a surface roughness Rz 
substantially equivalent to that of the electrolyte side. As the electrolyte side of 
the carrier foil is not formed on a cathode, it is free of "cathode induced" surface 
10 flaws. It follows that the front side of the thin functional foil, which is a mirror of 
the electrolyte side of the carrier foil, is also completely free of surface flaws, as 
e.g. striae. 

A first advantage of the surface free of defects of this thin functional foil is 
that photo-definition of circuit patterns can be improved. Another advantage is 
15 the homogeneity of chemical etching: the more homogeneous the surface, the 
more homogeneous the etching. Moreover, the new front side of the functional 
foil provides optimal conditions during process steps of PCB manufacture, and 
namely the copper plating step. 

As the functional foil is thin, its back side has a surface roughness sub- 
20 stantially equivalent to that of the front side, namely Rz < 3.5 jim. Hence, the 
back side has a surface roughness which lends itself very well to a uniform, fine 
nodular surface treatment. 

Furthennore. the presence of a carrier foil is very advantageous, since it 
provides a support for the thin functional foil, and proves very efficient for 
25 protecting the ultra-smooth surface during handling and lamination. 

Advantageously, the carrier foil predominantly consists of equiaxed crys- 
tals, at least in the vicinity of the interface with the release layer. Such a crystal 
structure favors the formation of an ultra-smooth electrolyte side. The carrier foil 
may be formed by electrodeposition of a metal or alloy, advantageously inex- 
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pensive, such as iron or brass. However, the carrier foil is preferably an electro- 
deposited copper foil. The carrier foil may have a thickness between 18 and 
105 |im. 

Advantageously, the thin functional foil predominantly consists of equiaxed 
5 crystals, whereby it conforms to the underlying ultra-smooth and homogeneous 
surface more easily. The thin functional foil front side may have a surface 
roughness parameter Rz less than or equal to 3.5 jim. Preferably, the thin 
functional foil has a thickness between 2 and 13 ^m. Such a thin functional foil 
having an equiaxed structure, allows very rapid, fine and homogeneous etching. 

10 Moreover, this structure facilitates the formation of sharp and rectangularly 
shaped conducting elements. In other words, the number of conducting ele- 
ments per surface unit may be increased, the size of the conducting elements 
and the space between them (pitch) reduced, thereby enabling the formation of 
very high density circuit patterns. Furthemiore a 3 or 5 jxm thick functional foil 

1 5 may be directly drilled by laser means. 

The release layer and the carrier foil may be peeled off simultaneously. 
The release layer may be an electrodeposited, chromium based layer. Prefera- 
bly, its thickness is lower than 1.5 ^m, more preferably the release layer is 
about 0.1 fim thick. As the electrolyte side and the front side are both ultra- 

20 smooth and homogeneous, homogeneous adhesion between the carrier foil and 
the functional foil is obtained. Advantageously the thickness of the chromium 
layer is adjusted in such a way that the peel strength necessary to peel off 
simultaneously the release layer and the carrier foil is between 30 and 150 N/m. 
This warrants a sufficient adhesion between the carrier foil and the thin func- 

25 tional foil to provide an optimal protection of the front surface of the thin func- 
tional foil during lamination and the different PCB manufacturing process steps, 
together with an easy peel-off of the carrier foil. 

According to another aspect of the invention, there is provided a method 
30 for manufacturing a composite copper foil, comprising the following steps: 
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(a) forming a carrier foil by electrodeposition onto a cathode, the carrier foil 
having a cathode side formed in contact with said cathode and an oppo- 
site electrolyte side; 

(b) forming a very thin release layer on the electrolyte side of the carrier foil; 
and 

(c) forming a thin functional foil by deposition of copper on the release layer, 
the thin functional foil having a front side facing the release layer and an 
opposite back side. 

According to an important aspect of the invention, the electrodeposition of the 
carrier foil is carried out so as to form an electrolyte side with a surface rough- 
ness Rz less than or equal to 3.5 ^m. The method of the invention allows the 
manufacture of a thin functional foil having an ultra-smooth, very homogeneous 
surface, which is completely free of surface defects, such as striae. 

The electrodeposition of the carrier foil may be carried out from an elec- 
trolyte solution comprising 70 to 110g/l of copper (as copper sulfate). 80 to 
120 g/l of sulfuric acid, as well as 1 to 10 ppm of a carrier agent, 1 to 10 ppm of 
a leveling agent and 0.1 to 2 ppm of a brightener agent. 

The carrier agent may be a high molecular weight polymer soluble in the 
acid chosen from: gelatin (Mw=2 000 to 100 000). polyacrylamide 
(Mw= 500 000 to 12 000 000). polyethylene glycol (Mw=400 to 10 000), 
polyethylene glycol monomethyl ether (Mw= 300 to 5 000). polyethylene glycol 
dimethyl ether (Mw= 250 to 3 000), hydroxy ethyl cellulose (Mw= 10 000 to 
100 000). The leveling agent may be an organic compound containing a 
nitrogen atom or an oxygen atom chosen from: polyethylene imine, 
poly(propylene giycol-b-ethylene glycol-b-propylene glycol) bis (2-aminopropyl 
ether), N-allylthiourea. The brightener agent may be a sulfured compound 
chosen from: 2-mercaptoben2imidazol, 3-3'-thiodipropionic acid, sodium 3- 
mercapto 1-propanesulfonate, thio diglycolic acid, thiolactic acid. 

Preferably, equiaxed crystals are predominantly formed in the carrier foil, 
at least in the vicinity of the interface with the release layer, so as to favor the 
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formation of a carrier foil having an ultra-smooth, uniform and defect free 
electrolyte side. This may be achieved when operating under controlled elec- 
trolysis parameters and when using the above mentioned electrolyte solution. 
The thin functional foil, which is also preferably electrodeposited under con- 
5 trolled conditions, may also consist of equiaxed crystals. 

Advantageously, at a further step (d) a surface treatment is performed on 
the back side of the thin functional foil in order to enhance its bonding to a 
future resin layer or substrate. This surface treatment may comprise the 
formation of fine copper nodules on tne back side in order to leave a smooth 
10 and regular impression of the etched copper in the resin. It follows that adhe- 
sion is sufficiently high for thin conducting elements, etching speed is high, 
conducting elements show fine and sharp outlines, and the fine nodular impres- 
sion is ideal for sequential build-up. 

At a further step (e) a passivation treatment may be applied to the back 
15 side of the thin functional foil, preferably after the surface treatment. Both sides 
of the functional foil are subsequently protected, the front side being protected 
by the carrier foil, and the back side by a passivation layer. 

Advantageously, at a further step (f), a resin layer is formed on the back 
side of the thin functional foil. The composite copper foil may therefore be 
20 directly used in the manufacture of copper clad laminates, printed circuit boards, 
and multi-layer printed circuit boards, namely by sequential build-up. 

Brief description of the drawings 

The present invention will be more apparent from the following description 
of a not limiting embodiment with reference to the attached drawings, wherein 

Fig,1: is a cross-sectional S.E.M.-view of a composite copper foil of the 
25 invention: 

Fig.2: is a S.E.M.-view of the cathode side of a conventional carrier foil; 

Fig.3: is a S.E.M.-view of the electrolyte side of the carrier foil of the composite 

copper foil shown in Fig.1; 
Fig.4: is a S.E.M.-view of the front side of a conventional functional foil; 
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Fig. 5: is a S.E.M.-view of the front side of the functional foil of the composite 

copper foil shown in Fig.1; 
Fig.6: is a S.E.M.-view of a back side treated with a conventional nodular 

surface treatment; 

5 Fig.7: is a S.E.M.-view of the back side of the composite copper foil of Fig.1 
treated with a fine nodular surface treatment; 
Fig. 8: is a S.E.M.-view of the impression in a resin of the conventionally treated 
back side of Fig.6; 

Fig. 9: is a S.E.M.-view of the impression in a resin of the back side of Fig.7 
10 treated with a fine nodular surface treatment. 

Detailed description of a preferred embodiment 

Fig.1 shows a view, obtained by Scanning Electron Microscopy (magnifh 
cation: 1000X), of a composite copper foil 10 in accordance with the invention. 
An understanding of this composite copper foil 10 and of its characteristics will 
be made clear by the description of the different manufacturing steps of a 
15 preferred embodiment of the method in accordance with the invention. 

At a first manufacturing step (a) a carrier foil 12 is formed by electrode- 
position of copper from an electrolyte solution onto a rotating titanium cathode 
drum. The electrolyte solution is circulated between the cathode drum and a 
closely spaced anode. Hence, the carrier foil 12 has a cathode side formed in 

20 contact with the drum and an opposite electrolyte side formed in the electrolyte 
solution. The electrodeposition of the carrier foil 12 is carried out so as to forni 
an electrolyte side having a surface roughness Rz less than or equal to 3.5 ^m 
(Rz < 3.5 nm). The roughness Rz was measured according to DIN 4768. 
Preferably, the parameters of electrodeposition are adjusted to grow a carrier 

25 foil 12 with a thickness between 18 and 105 jim. e.g. of 35 ^m or 70 ^m. 

At a second step b). a very thin release layer 14 is formed on the electro- 
lyte side of the carrier foil 1 2. 

At a third step c). a thin functional foil 16 is formed by electrodeposition of 
copper on the release layer 14. The thin functional foil 16 has a front side in 
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contact with the release layer 14 and an opposite back side. Preferably, the 
parameters of electrodeposition are adjusted to grow a functional foil 16 with a 
thickness between 2 and 13 ^m. For example, the functional foil 16 may be 
grown to a thickness of 3, 5, 9 or 12 

5 As mentioned at step (a) the electrodeposition of the carrier foil 12 is car- 

ried out so as to obtain a carrier foil 12 with an electrolyte side having a surface 
roughness Rz less than or equal to 3.5 \xm. As a matter of fact, in the conven- 
tional technique, the surface roughness of the electrolyte side is large, in 
particular larger than that of the cathode side and the functional copper foil is 

10 formed on the cathode side. The release layer, which is a very thin layer, 
confomns to the cathode side surface. As a consequence, the front side of the 
functional foil, which is fomned over the release layer, confomis to that of the 
cathode side. It will be clearly understood that the cathode side, in the conven- 
tional practice, is used for the formation of the functional foil because it has a 

15 lower surface roughness than the electrolyte side. Indeed, an even surface is 
desirable for a fine and sharp photo-chemical etching of circuit patterns. Since 
the cathode side is formed in contact with the cathode drum, its surface rough- 
ness depends on that of the cathode drum. The surface roughness of the 
cathode side can therefore not be lower than that of the cathode drum surface, 

20 and a conventional cathode side may be too rough to form a functional foil 
having an ultra-smooth front side thereon. Moreover, a cathode drums generally 
exhibits surface flaws which are responsible for the presence of striae on the 
cathode side (see Fig.2 - magnification 1000X) and consequently also on the 
front side of the thin functional foil. 

25 By forming, according to the present method, a carrier foil having an elec- 

trolyte side with a surface roughness Rz < 3.5 nm. there is provided a high 
quality support surface for the fomnation of the functional foil 16. It follows that 
the front side of the functional foil 16 formed on this electrolyte side is also of 
high quality: ultra-smooth, homogeneous, and free of defects. Furthermore, as 

30 the functional foil 16 is thin, the surface roughness of the back side is approxi- 
mately equivalent to that of the front side. 
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The electrodeposition operating parameters and the electrolyte composi- 
tion should be controlled so as to obtain a very fine grained electrodeposited 
carrier foil 12, preferably with equiaxed grains. Equiaxed grains or crystals, 
having an aspect ratio of the grain nearly equal to one. are preferred to colum- 
nar crystals as they promote the formation of a smooth, homogeneous surface. 
Therefore, it is preferable to have equiaxed crystals at least in the vicinity of the 
interface with the release layer 14, as they form the surface supporting the thin 
functional foil 16. 

Such a carrier foil may be obtain^ by carrying out the electrodeposition at 
step a) from an electrolyte solution comprising 70 to 110 g/l of copper (as 
copper sulfate ) and 80 to 120 g/l of sulfuric acid together with three kinds of 
organic additives so as to predominantly form equiaxed crystals in the carrier 
foil 12. Hence, the electrolyte solution also comprises: 

1) 1 to 10 ppm of a carrier agent, which is a high molecular weight poly- 
mer soluble in the acid chosen from: Gelatin (Mw= 2 000 to 100 000), 
Polyacrylamide' (Mw= 500 000 to 12 000 000), polyethylene glycol 
(Mw= 400 to 10 000), polyethylene glycol monomethyl ether (Mw= 300 
to 5 000), polyethylene glycol dimethyl ether (Mw= 250 to 3 000), Hy- 
droxy ethyl cellulose (Mw= 10 000 to 100 000); and 

2) 1 to 10 ppm of a leveling agent, which is an organic compound con- 
taining a nitrogen atom or an oxygen atom chosen from: polyethylene 
imine, poly(propylene glycol-b-ethylene glycol-b-propylene glycol) bis 
(2-aminopropyl ether), N-Allylthiourea; and 

3) 0.1 to 2 ppm of a brightener agent, which is a sulfured compound cho- 
sen from: 2-mercaptobenzimidazol, 3-3'-thiodipropionic acid, sodium 3- 
mercapto 1-propanesutfonate, thio diglycolic acid, thiolactic acid. 

When using the above mentioned electrolyte solution, the operating cur- 
rent density should be in the range of about 5 to 80A/dml The operating 
temperature should be in the range of 30 to ZO'^C. 

Fig.3 shows a S.E.M.-view (magnification 1000X) of the electrolyte side of 
the carrier foil 12 obtained under the operating conditions described above. The 
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difference with Fig,2 is striking: there are no striae and the surface is homoge- 
neous and smooth. 

Then, in accordance with step (b), a very thin release layer is formed on 
the electrolyte side of the carrier foil. This very thin release layer 14 is preferably 
5 a chromium based layer with a thickness of about 0.1 ^m. It will be understood 
that this thickness of 0.1 (im is not measured but calculated from the weight of 
chromium deposited per unit surface and from the chromium density. Such a 
release layer is typically formed in a chromium bath containing 180 to 300 g/l of 
chromic acid (calculated as CrOa) and 1.8 to 3 g/l of sulfuric acid (H2SO4). The 
10 electrical current density should be in the range of 5 to 40 A/dm^ and the bath 
temperature in the range of 18 to BO^'C. 

The release layer 14 pemnits an easy separation of the carrier foil 12, 
leaving a clean and defect-free front side. It shall be observed that the adhesion 
provided by the release layer 14 should be sufficient to prevent the carrier foil 
15 12 from peeling off during the many PCB process steps that the composite 
copper foil 10 may go through. Such PCB process steps are various: coating 
with insulating resin, sizing the composite copper foil 10 from roll into sheets, 
register holes punching, lay-up and lamination, trimming, through holes drilling 
using the carrier foil 1 2 as "drill bit entry^ 

20 It shall be noted that since the interface between the release layer 14 and 

the functional foil 16 is ultra-smooth and homogeneous, the peel strength 
necessary to peel off the carrier foil 12 is homogeneous and relatively low over 
the whole interface, as compared to a release layer having the same thickness 
exhibiting a rough interface with the functional foil. This is particularly advanta- 

25 geous for lamination, where the peel strength conventionally increases, due to 
the themnal treatment needed to adhere the functional foil 16 to a resinous 
substrate. Therefore, the peel strength will be lower than in the conventional 
technique, even with polymers having high glass transition temperatures. The 
chromium layer thickness should be adjusted in such a way that the peel 

30 strength needed to peel off the carrier layer be in the range of 30 to 150 N/m. 

At next step (c) the thin functional foil 16 is formed on the release layer 14 
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by electrodeposition of copper from an electrolyte solution. Here again, the 
electrodeposition is advantageously controlled so as to obtain an equiaxed 
crystal structure in order to promote the formation of an ultra-smooth surface. It 
is believed that, since the functional copper foil 16 grows as an epitaxial layer 
5 (i.e. deposited over another copper layer-the chromium based release layer 14 
being generally too thin to impose its structure), the structure is imposed by the 
carrier foil 12. Therefore, an equiaxed structure in the functional foil 16 may be 
obtained from an electrolyte solution comprising 30 to 110 g/l of copper (as 
copper sulfate) and 30 to 120 g/l of sulfuric acid. The operating electric current 
10 density should be in the range of 5 to 60 A/dml The temperature should be In 
the range of 30 to 70X. 

Fig.4 shows a S.E,M.-view (magnification 2000X) of a front side of a func- 
tional foil obtained in the conventional technique, whereas Fig.S shows a 
S.E.M.-view (magnification 2000X) of the front side of the functional foil 16, 

15 which was fonmed on the electrolyte side shown in Fig.3. The surface quality of 
the front side of the functional foil 16 is clearly better than that of the conven- 
tional front side of Fig.4. As can be seen, the front side shown in Fig. 5 is free of 
striae. Furthermore, this surface is uniform with a low surface roughness 
(Rz < 3.5 |im). As explained, the back side is approximately as smooth as the 

20 front side (Rz < 3.5 ^m). It follows that the functional foil 16 is thin, and has two 
ultra-smooth surfaces. Such a functional foil 16 enables very rapid and homo- 
geneous etching, and the formation of very high density circuit patterns. 
Furthermore, the equiaxed structure favorizes the formation of sharp and 
rectangularly shaped conducting elements. 

25 At a further manufacturing step (d) a surface treatment is advantageously 

performed on the back side of the functional foil 16. This consists in forming fine 
copper nodules on the back side, whereby the bonding, i.e. adhesion, of the 
functional foil 16 to a resinous substrate can be enhanced. In Fig.6, the surface 
of a conventionally treated back side is shown. The nodules are coarse, and 

30 induce long etching durations as well as rough nodular impressions in the 
resinous substrate (see Fig.S). Conducting elements would be poorly defined 
and sequential build up hindered. A very fine nodular treatment has been 
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developed for this smooth back side, as can be seen in Fig7. The fine copper 
nodules warrant a regular surface and a fine nodular innpression after etching, 
as shown in Fig. 9. Consequently, adhesion is sufficiently high for thin conduct- 
ing elements, etching speed is high, conducting elements show fine and sharp 
5 outlines, and the fine nodular impression is ideal for sequential build-up. 

At another manufacturing step (e). a zinc and chrome based passivation 
layer is formed on the surface treated back side. Both sides of the functional foil 
16 are now protected; the front side by the carrier foil 12 and the back side by 
the passivation layer. A similar passivation treatment may also be applied to the 
10 electrode side of the carrier foil in order to avoid a blue window frame oxidation. 

Finally, at a further manufacturing step (f). a resinous layer 18 is formed on 
the back side of the thin functional foil 16. The composite copper foil 10 may 
thereby be used directly in the manufacture of PCB. namely in the manufacture 
of multi-layer PCB by sequential build-up, where the composite copper foil 10 
15 can be directly laminated on a core bobrd. The composite copper foil 10 may be 
used in many PCB manufacturing processes, namely in multilayer PCB manu- 
facturing by sequential build-up. When the thin functional foil 16 is 3 or 5 ^m 
thick, it may be directly drilled by a laser beam, for micro-via holes drilling for 
example. 

20 It shall be noted that the formation of the thin functional foil on the release 

layer has been described by means of electrodeposition of copper. However, 
the formation of the thin functinal foil shall not be limited to this method. For 
example, copper may be deposited on the release layer by a PVD or CVD 
process followed by an electrodeposition in order to increase the thickness of 

25 the thin functional foil. 
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Cllaims 

1 . A composite copper foil (1 0) comprising: 

a carrier foil (12) formed by electrodeposition onto a cathode, said carrier 
foil (12) having a cathode side fomied in contact with said cathode and an 
electrolyte side, opposite said cathode side; 

5 a very thin release layer (14) on the electrolyte side of said carrier foil (12); 
and 

a thin functional foil (16) fomied by deposition of copper and having a front 
side in contact with said release layer (14) and an opposite back side; 

characterized in that 

10 said electrolyte side of said carrier foil (12) has a surface roughness Rz less 
than or equal to 3.5 ^m. 

2. The composite copper foil as claimed in claim 1, characterized in that said 
carrier foil (12) predominantly consists of equiaxed crystals, at least in the 
vicinity of the interface with said release layer (14). 

15 3. The composite copper foil as claimed in claim 1 or 2, characterized in that 
said thin functional foil (16) predominantly consists of equiaxed crystals. 

4. The composite copper foil as claimed in anyone of the preceding claims, 
characterized in that said carrier foil (12) is an electrodeposited copper foil 
and has a thickness between 18 {im and 105 fxm. 

20 5. The composite copper foil as claimed in anyone of the preceding claims, 
characterized in that said front side of said thin functional foil (16) has a 
surface roughness Rz less than or equal to 3.5 ^m. 

6. The composite copper foil as claimed in claim 5, characterized in that said 
back side of said thin functional foil (16) has a surface roughness Rz less 
25 than or equal to 3.5 ^m. 
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7. The composite copper foil as claimed in anyone of the preceding claims, 
characterized in that said thin functional foil (16) is electrodeposited and has 
a thickness between 2 and 13 ^m. 

8. The composite copper foil as claimed in anyone of the preceding claims, 
5 characterized in that said release layer (14) and said carrier foil (12) can be 

peeled off simultaneously. 

g. The composite copper foil as claimed in anyone of the preceding claims, 
characterized in that said release layer (14) is an electrodeposited, chro- 
mium based layer. 

10 10. The composite copper foil as claimed in claim 9. characterized in that said 
release layer (14) has a thickness lower than 1.5 [im, preferably of 0.1 ^m. 

1 1. The composite copper foil as claimed in claim 9 or 10, characterized in that 
the thickness of said chromium based layer is adjusted in such a way that 
the peel strength necessary to peel off simultaneously said release layer 

15 (14) and said carrier foil (12) is between 30 and 150 N/m. 

12. The composite copper foil as claimed in anyone of the preceding claims, 
characterized by fine copper nodules on said back side of said thin func- 
tional foil. 

13. The composite copper foil as claimed in anyone of the preceding claims, 
20 characterized by a resin layer (18) on said back side of said thin functional 

copper foil (16). 

14. A method for manufacturing a composite copper foil (10), comprising the 
following steps: 

(a) forming a carrier foil (12) by electrodeposition onto a cathode, the carrier 
25 foil (12) having a cathode side formed in contact with said cathode and 

an opposite electrolyte side; 

(b) forming a very thin release layer (14) on said electrolyte side of said car- 
rier foil (12); and 
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(c) forming a thin functional foil (16) by deposition of copper, said thin func- 
tional foil (16) having a front side in contact with said release layer (14) 
and an opposite back side; 

characterized in that 

5 said electrodeposition of said carrier foil (12) is carried out so as to fonn an 
electrolyte side with a surface roughness Rz less than or equal to 3.5 ^m . 

15. The method as claimed in claim 14, characterized in that the electrodeposi- 
tion of step (a) is carried out from an electrolyte solution comprising 70 to 
1 10 g/l of copper (as copper sulfate), 80 to 120 g/l of sulfuhc acid, as well as 

10 1 to 10 ppm of a carrier agent. 1 to 10 ppm of a leveling agent and 0.1 to 
2 ppm of a brightener agent; 

said carrier agent being a high hiolecular weight polymer soluble in the acid 
chosen from: gelatin (Mw= 2 000 to 100 000). polyacrylamide (Mw= 500 000 
to 12 000 000), polyethylene glycol (Mw=400 to 10 000). polyethylene gly- 
15 col monomethyl ether (Mw= 300 to 5 000), polyethylene glycol dimethyl 
ether (Mw= 250 to 3 000). hydroxy ethyl cellulose (Mw= 10 000 to 100 000); 

said leveling agent being an organic compound containing a nitrogen atom 
or an oxygen atom chosen from: polyethylene imine, poly(propylene glycol- 
b-ethylene glycol-b-propylene glycol) bis (2-aminopropyl ether), N- 
20 allylthiourea; and 

said brightener agent being a sulfured compound chosen from: 2- 
mercaptobenzimidazol. 3-3'-thiodipropionic acid, sodium 3-mercapto 1- 
propanesulfonate, thio diglycolic acid, thiolactic acid. 

16. The method as claimed in claim 14 or 15. characterized in that said electro- 
25 deposition of step (a) is carried out so as to form predominantly equiaxed 

crystals in said carrier foil (12), at least in the vicinity of the interface with 
said release layer (14). 

17. The method as claimed in anyone of claims 14 to 16, characterized in that 
said carrier foil (12) is an electrodeposited copper foil and has a thickness 

30 between 18 ^m and 105 ^im. 
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18. The method as claimed in anyone of claims 14 to 17, characterized in that 
said thin functional foil (16) is electrodeposited and has a thickness between 
2 and 13 ^m. 

19. The method as claimed in claim 14 to 18, characterized in that said deposi- 
5 tion of step (c) is carried out so as to form predominantly equiaxed crystals 

in said thin functional foil (16). 

20. The method as claimed in anyone of claims 14 to 19, characterized in that 
said release layer (14) is an electrodeposited, chromium based layer. 

21 The method as claimed in claim 20, characterized in that said release layer 
10 has a thickness lower than 1 .5 ^m, preferably of 0. 1 fxm. 

22. The method as claimed in anyone of claims 14 to 21. characterized by a 
further step (d) wherein a surface treatment is applied on said back side of 
said thin functional foil (16) in order to enhance its surface bond. 

23. The method as claimed in claim 22, characterized in that said surface 
15 treatment comprises fomning ultra fine nodules on the back side of said thin 

functional foil (16). 

24. The method as claimed in claim 22 or 23, characterized by a further step (e) 
. wherein a passivation layer is formed on the surface treated back side of 

said thin functional foil (16). 

20 25. The method as claimed in claim 24, characterized by a further step (f) 
wherein a resin layer (18) is formed over said passivation layer on said back 
side of said thin functional foil (16). 

26. Use of the composite foil as claimed in anyone of claims 1 to 13 in the 
manufacture of copper clad laminates, printed circuit boards, and multi-layer 
25 printed circuit boards, namely by sequential build-up. 
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